Abstract
INTRODUCTION
Worldwide, an estimated 2 billion people are infected by hepatitis B virus (HBV), with approximately 240 million being chronically infected [1] . The weighted prevalence of hepatitis B surface antigen (HBsAg) in Chinese people aged 1-4 years, 5-14 years, and 15-29 years has been shown to be 0.32%, 0.94%, and 4.38%, respectively [2] . HBV-infected patients can be healthy carriers, or develop chronic hepatitis, which may lead to cirrhosis, end-stage liver failure, or hepatocellular carcinoma (HCC). Anti-HBV therapy reduces the risk of chronic hepatitis B (CHB) developing into cirrhosis or HCC [3] . Based on the current practice guidelines [4] [5] [6] , a serum alanine aminotransferase (ALT) level greater than or equal to two times the upper normal limit (ULN) -i.e., ALT ≥ 2 × ULN -represents an indication for antiviral treatment in CHB patients. Therefore, patients with ALT < 2 × ULN should be evaluated for hepatic inflammation and fibrosis, and those who show compensated cirrhosis and detectable HBV DNA can be submitted to antiviral treatment, even with normal ALT levels. Therefore, in some conditions, antiviral therapy is based on the stage of liver fibrosis or ALT levels. Indeed, 10%-37% of patients with persistently normal serum ALT levels may progress to advanced fibrosis or cirrhosis [3, 7, 8] . Therefore, it is essential to evaluate liver fibrosis to make antiviral therapy decisions in CHB patients with ALT < 2 × ULN.
Liver biopsy is still considered the "gold" standard in assessing liver fibrosis. Nevertheless, the biopsy procedure has some limitations such as invasiveness, sampling variability, and cost. Moreover, liver biopsy has been superseded to some extent by the development of imaging techniques such as transient elastography (TE), acoustic radiation force impulse (ARFI), ultrasonography (US), computed tomography (CT), and magnetic resonance imaging (MRI) [9] [10] [11] [12] . On the other hand, the high cost of (or poor access to) modern imaging techniques may represent additional limitations in the evaluation of liver fibrosis in developing countries, which can preclude their use.
Serum markers of liver fibrosis and non-invasive predictive models of fibrosis can evaluate fibrosis specifically in HBV patients due to high applicability, inter-laboratory reproducibility, wide availability for repeated assays, and limited cost [13] [14] [15] [16] [17] [18] . However, in CHB patients with ALT < 2 × ULN, few non-invasive approaches have been developed to evaluate liver fibrosis [14, [19] [20] [21] . Ceruloplasmin (CP) is a serum glycoprotein that contains six copper atoms per molecule and is synthesized predominantly in the liver. Serum CP is known as a typical diagnostic biomarker of Wilson's disease (WD), and is also decreased in marked renal failure or enteric protein loss [22] . In clinical practice, serum CP may be routinely measured by antibodydependent assays, such as immunoturbidimetric assay or nephelometry, which quantify the whole concentration but do not test the CP activity. In fact, CP activity could be a valuable marker not only in patients with WD but also in hepatitis C virus (HCV)-related cirrhosis patients with hepatic encephalopathy [23] . Interestingly, serum CP has been shown as significantly lower in patients with severe end-stage liver disease compared to patients with other liver diseases, except for WD [24] . However, little is known of its relationship with liver fibrosis. Zeng et al [25] found that serum CP levels were negatively related to hepatic histological stage, and could be used to predict liver fibrosis in CHB-related liver disease. Nobili et al [26] showed that CP was associated with the odds of nonalcoholic steatohepatitis (NASH), inflammation, steatosis, and ballooning but not with fibrosis.
To date, no studies have proposed CP levels as a biological marker to predict fibrosis in CHB patients with ALT < 2 × ULN. Therefore, the purpose of the present study was to analyze the relationship between liver fibrosis and serum CP levels, set up a predictive model based on routine biological parameters to predict fibrosis in HBV-infected patients with minimally raised or steadily normal ALT, and compare its diagnostic value with other non-invasive models such as FIB-4 [aspartate aminotransferase (AST)/ALT/ platelets (PLT)/age], APRI (AST/PLT ratio index), PPT [PLT/prothrombin time (PT)/total bile acid (TBA)], GP (globin/PLT), and APPCI [α-fetoprotein (AFP)/PT/PLT/ CP] models.
MATERIALS AND METHODS

Patients
Between January 2009 and January 2016, 193 chronic HBV carriers were systematically enrolled at our hospital (Liver Center, The First Affiliated Hospital of Fujian Medical University). All patients showed positivity for HBsAg for more than 6 mo, with normal or minimally raised ALT and HBV DNA levels of more than 500 IU/mL. ALT was checked at least two times over a 6-mo observation period; our lab reference value was 40 IU/L. Minimally raised ALT levels were considered as ALT levels < 2 × ULN [5] . Patients with the following conditions were excluded from the study: presence of (1) other types of viral hepatitis; (2) HCC; (3) alcoholic liver disease and nonalcoholic fatty liver disease; (4) decompensated cirrhosis; (5) autoimmune hepatitis; (6) concurrent infection with human immunodeficiency virus; (7) hereditary liver diseases; and (8) drug-induced liver injury.
None of the patients received antiviral therapy before liver biopsy. All patients were randomly separated into two groups: 97 patients constituted the training group, and 96 were in the validation group. The study protocol was approved by the Institutional Review Board of our hospital.
Liver histology and fibrosis quantification
Using color Doppler ultrasound (ACUSON, Aspen Advanced Ultrasound; Siemens Corporation, Mountain View, CA, United States), liver biopsies were performed in all recruited patients using a 16G Tru-Cut needle (TSK Laboratory, Tochigi, Japan). For most biopsies, liver samples containing more than 11 portal tracts of liver tissue specimens (minimum was 6) with a length of 15 mm to 20 mm were obtained and fixed in 4% neutral formalin before paraffin embedding, and stained with Masson trichrome and hematoxylin-eosin-saffron (HES) stains. The pathologist who reviewed all the biopsy specimens was blinded to the clinical features.
Significant fibrosis was defined as fibrosis stage ≥ F2 as defined by the METAVIR scoring system [27] .
Serum data
All serum samples were obtained within 1 wk prior to liver biopsy. Some serum biochemical markers were measured using an automatic biochemistry analyzer, including ALT, AST, albumin, globulins, cholinesterase (CHE), gamma glutamyl transpeptidase (GGT), TBA, total bilirubin (TB), international normalized ratio (INR), PT, PLT, white blood cell count (WBC), and AFP. HBV DNA levels were measured through quantitative PCR assay (PG Company, Shenzhen, China). The test detection range was 500 to 1.0 × 10 9 IU/mL. HBsAg was quantified via the Architect platform (Abbott Laboratories, Chicago, IL, United States) as per the manufacturer's instructions, and was calibrated according to the World Health Organization HBsAg standard. Serum CP was tested by the nephelometric immunoassay kit (BN II System; Siemens Healthcare Diagnostics GmbH, Eschborn, Germany) with a lower limit of detection of 200 mg/L.
Statistical analysis
The whole cohort (193 patients) was randomly divided into a training group and a validation group. Categorical data were expressed as n (%), the abnormal distribution data were presented as median with interquartiles (IQR), and normal distribution data were presented as mean ± standard deviations (SD). Categorical variables were compared by Pearson chi-squared test or Mann-Whitney U test, whereas continuous variates were compared with the twosample test or Mann-Whitney U test. Correlation analysis was carried out by Spearman's correlation analysis. Receiver operating characteristic (ROC) curve analysis was applied to assess the optimal diagnostic CP value for significant fibrosis and cirrhosis. Univariate logistic regression analysis was carried out to analyze the important factors of liver fibrosis. Variables were assessed by multivariate logistic regression modeling using the forward selection method. Furthermore, a ROC curve was created, from which area under the ROC curve (AUROC), specificity, sensitivity, negative predictive value (NPV), and positive predictive value (PPV) were measured. The optimal cut-off value was selected based on the maximization of Youden's index. A two-sided P < 0.05 was considered statistically significant. Statistical analyses were carried out with MedCalc for Windows v9.38 software (MedCalc Software, Mariakerke, Belgium) and SPSS v22.0 CP levels for predicting liver fibrosis are presented in Table 2 . Serum CP levels produced AUC values of 0.776 and 0.767 for fibrosis stages F2 and F4, respectively. Based on the Youden's index, the optimal level of serum CP to predict fibrosis was set at 186 mg/L with a specificity of 90.33% and a sensitivity of 54.32%, a NPV of 91.18%, and a PPV of 51.80% for F ≥ 4, while 194 mg/L for F ≥ 2 gave a specificity of 58.98%, sensitivity of 86.84%, NPV of 95.91%, and PPV of 28.83%.
Model development
Two markers (CP and GGT) were further identified as cirrhosis predictors by multivariate logistic regression analysis. Univariate logistic regression analysis showed a significant relationship between cirrhosis and these serum biomarkers (P < 0.05) in the training group (Table 3) . We then constructed a model combining CP and GGT, and its diagnostic value was measured by ROC curve, showing an AUC value of 0.840 in the training group. No significant differences were found between the AUCs of the training and validation groups statistical software (SPSS Inc, Chicago, IL, United States).
RESULTS
Patient data
Of the total number of recruited patients (n = 239), 46 were excluded from this study due to previous antivirus therapy, concomitant liver disease, or missing data. Ultimately, 193 patients were included. Among these patients, 138 (71.5%) were male. Demographic, bioclinical features, and liver biopsy data of patients with ALT < 2 × ULN are presented in Table 1 . Serum CP levels showed a moderate but significant inverse relationship with liver fibrosis (r = -0.561, P < 0.001).
Among all studied variables there were no significant differences between the validation and the training groups (Table 1) .
Predictive value of serum CP for significant fibrosis and cirrhosis
The AUC values, sensitivity, and specificity of serum (Z = 0.646, P = 0.518) (Table 4 ). When the model was applied to the validation group, the AUC remained high (0.792). We constructed the following CG model: 3.76-0.034 × CP (mg/L) + 0.013 × GGT (IU/L). The optimal value for predicting cirrhosis from this CG model was -1.38. The values for sensitivity, specificity, PPV, and NPV of the CG model were 83.1%, 78.6%, 39.6%, and 96.5% for the training group, respectively, and 74.7%, 88.2%, 57.7%, and 94.2% for the validation group, respectively. The optimal cut-off value of -2.315 was applied to identify significant fibrosis in the training group, with an AUC of 0.797.
Training and validation groups showed no significant differences in the AUCs (Z = 0.295, P = 0.768). The values for sensitivity, specificity, PPV, and NPV of the CG model were 83.3%, 67.3%, 66.0%, and 84.1% for the training group, respectively, and 79.40%, 67.70%, 76.29%, and 71.51% for the validation group, respectively.
Comparing CG model with FIB-4, PPT, APPCI, APRI, and GP models
All the models showed very good NPV (> 90%), except FIB-4. CG, PPT, APRI, GP, and APPCI models all had high sensitivity (> 70%). The predictive value of the CG model for cirrhosis (F4) is presented in Table 5 . After comparing the AUC of the CG model with that of the other five non-invasive models, we found that the CG model had a significantly greater AUC than FIB-4 (P < 0.05) (Table 5, Figure 1) . When the CG model was used to identify significant fibrosis in all patients, its predictive value had a higher AUC than the FIB-4 and GP models (P < 0.05), but was not statistically significant from the PPT, APRI, and APPCI models (P > 0.05) (Table 6, Figure 2 ).
DISCUSSION
Identifying the degree of liver fibrosis in CHB patients is important for determining antiviral therapeutic options and for monitoring the efficacy of antiviral treatment, especially in patients who have normal or mildly raised ALT [2, 5, 6] . Liver biopsy remains the "gold" standard in assessing fibrosis, but it has limitations. Non-invasive predictive models of fibrosis are therefore needed. Single markers have been proposed such as platelet count, AST and ALT, gamma-globulins, serum HBsAg levels, CP, red blood cell distribution width, Interleukin-2R, TGF-α, serum Golgi protein 73 (GP73), and miR-122 [13, 14, 16, 17, 25, [28] [29] [30] [31] . However, currently, none of these markers are sufficiently liver-specific enough to accurately reflect fibrosis. Thus, serum markers are commonly combined to improve diagnostic sensitivity and specificity.
CP, which is an acute phase protein mostly synthesized in the liver, has been proposed to assess ballooning, steatosis, and inflammation in patients with liver fibrosis that are CHB carriers and afflicted by NASH [25, 26] . We previously developed a new noninvasive model of APPCI to predict liver cirrhosis in CHB patients presenting different ALT levels and found that serum CP was a new marker, negatively correlated with liver fibrosis [25] . In the present study, we extended these results to CHB carriers with normal or minimally raised ALT. CP AUCs to predict F ≥ 2 were 0.776 with good sensitivity and NPV%. For predicting F ≥ 4, the AUCs data were 0.767 with good specificity and NPV. The mechanism whereby CP decreases during fibrosis increase could be due to a selective decrease of hepatocyte synthesis, although this group of CHB patients did not exhibit significant signs of global hepatocellular insufficiency. Further studies are needed to elucidate the links between CP and liver fibrosis. From a practical standpoint, CP determination, given its simplicity, may represent a valuable marker of liver fibrosis and may contribute to reducing the need for liver biopsy.
As no single serum parameter can accurately or reliably predict liver fibrosis, combining serum biomarkers has become the preferred approach. Assessing a set of 19 potential biochemical markers of fibrosis, we developed the best logarithmic CG model for predicting liver significant fibrosis and cirrhosis, which consisted of a combination of two common clinical variables (CP and GGT). Our CG model provided AUCs of 0.840 and 0.792 to predict liver cirrhosis in the training and validation groups, respectively. GGT, which is associated with hepatocyte growth factor, has been related to liver fibrosis in CHB patients [32] . GGT could be increased by early cholestasis or an increase of epidermal growth factor, which could explain the relationship between increased GGT and fibrosis severity [33] . Significant differences of serum HBsAg levels have been observed in the process of HBV infection [34] [35] [36] [37] . Martinot-Peignoux et al [38] observed no relationship between HBsAg levels and liver fibrosis in treatmentnaive CHB patients with hepatitis B e antigen (HBeAg) negativity. Seto et al [39] reported that HBsAg levels can predict liver fibrosis in CHB patients with HBeAg positivity. In our previous study, serum HBsAg levels were found to be significantly related to liver fibrosis during the immune clearance phase. Depending on the dual standard of both serological and histological profiles, our recent study showed that serum HBsAg level can help identify patients in the immune tolerance phase with potential liver injury, but not in the immune-clearance (IC), low-replicative (LR), and HBeAg-negative hepatitis (ENH) phases [37] . These data can explain the results of our present study in which serum HBsAg level was not an independent predictor of fibrosis, since this retrospective cohort study included both HBeAg(+) and HBeAg(-) CHB patients with various levels of HBV DNA and normal or mildly elevated ALT.
Most non-invasive tests, including FIB-4, European Liver Fibrosis (ELF) score, FibroTest ® , HepaScore ® , and APRI [40] [41] [42] [43] [44] , were first developed to assess liver fibrosis in chronic hepatitis C patients. Whether they are also applicable to CHB patients, however, is yet to be demonstrated. Therefore, new non-invasive models were recently developed to detect liver fibrosis in patients with CHB [19, 25, 45, 46] . Compared with FIB-4 and GP, our CG model showed much greater AUC than FIB-4 to the GP model.
To date, the APRI test has been recommended via international guidelines for CHB patient liver biopsy [5, 6] . Wang et al [47] were the first to validate the performance of APRI in CHB patients with low serum ALT activity. But they only validated APRI to predict significant fibrosis (≥ F2) with an AUC of 0.77, not to predict liver cirrhosis. In our study, APRI had AUCs of 0.736 and 0.775 for predicting significant fibrosis and cirrhosis, respectively, and APRI could detect CHBrelated fibrosis with only moderate sensitivity and specificity.
The current study has several limitations. Firstly, a perfect non-invasive model would require very high sensitivity and specificity, with an AUC of the maximum theoretical value (1.0). In fact, none of the models can achieve both perfect sensitivity and specificity. Indeed, "spectrum bias" due to over-representation of extreme fibrosis stages (F0 and F4) is difficult to avoid. In order to prevent this "spectrum bias", the adjustment of AUC using the DANA or the Obuchowski methods would be relevant but could not be used in the present study, since we pooled stages F0-F1 given the limited number of F0 [45, 46] . Secondly, CP levels were tested at different time periods. Thirdly, although an internal validation was carried out from a randomly chosen cohort, a prospective external validation should be performed. Fourthly, in this study, serum CP was tested by nephelometry, which could not distinguish the CP in active or inactive form. In the future, the method of automation of o-dianisidine assay may be preferred to test the CP activity [48] .
In conclusion, we established a simple and accurate CG model to predict significant liver fibrosis and cirrhosis in CHB patients with normal or mildly elevated ALT. This model may be a valuable tool for avoiding liver biopsy in this category of HBV-infected patients.
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Background
Chronic hepatitis B (CHB) patients may develop significant fibrosis and even cirrhosis despite normal or mildly elevated serum transaminase levels.
Research frontiers
To date, few non-invasive approaches have been developed to evaluate liver fibrosis and no studies have proposed measuring ceruloplasmin (CP) levels for predicting liver fibrosis in CHB patients with normal or minimally raised alanine aminotransferase (ALT).
Innovations and breakthroughs
In the present study, the authors found that CP was independently and negatively associated with liver fibrosis. Furthermore, a simple and accurate CG model was developed to predict significant liver fibrosis and cirrhosis in CHB patients with normal or mildly elevated ALT.
Applications
The CG model may be a valuable tool to replace liver biopsy in CHB patients with normal or minimally raised ALT, especially in resource limited settings.
Terminology
Ceruloplasmin (CP) is a copper-containing glycoprotein synthesized predominantly in the liver, and is a serum ferroxidase that plays an essential role in iron metabolism. It is the major carrier for copper in the blood, accounting for 90% of the circulating copper in normal individuals.
Peer-review
In this manuscript, the authors aim at identify the CP as a non-invasive index to predict liver fibrosis in HBV chronic hepatitis. The topic is interesting, although already investigated in other human models of liver disease. It is globally wellwritten with a congruous number of patients involved.
